Destruction of the metastable state of a type I superconducting granule by an external irradiation.
Introduction.
In the last few years, superheated type I superconductors have undergone a return of interest [1, 2] . This is essentially due to the possible use of this kind of superconductors as particle detectors [3] or darkmatter candidate detectors [4] which concerns astrophysics as well as elementary particle physics and condensed matter physics [4] [5] [6] [7] [8] . Since the initial experiment of Bernas et al. [9] on superheated metallic spheres, where it was shown that the 13 -rays can destroy the superheated state, much research has been done, particularly experimental work [1, 2, [8] [9] [10] [11] [12] [13] . However [14] [15] [16] , which would lead to a local increase of the magnetic field at constant temperature in the vicinity of the superconductor. In this paper, we are interested in the thermal nucleation in indium, in the presence of a constant applied magnetic field, which is expected to be used for the solar neutrino detection, since a temperature increase of a few kelvins is sufficient to observe a phase transition. The basic nuclear reaction was first pointed out by Raghavan [17] : a {3 -desintegration of In occurs in the collision with the neutrino and gives a Sn nucleus. This reaction has two important features : it has a rather low energy threshold (128 keV) [2] [18] . Because of the field penetration on a length A (penetration depth), and the resulting modification of the order parameter T on the coherence lengths a type I superconducting material ( K = À / g 1) exhibits a positive surface energy [19] which prevents the flux penetration in the material [20] . When a material is submitted to an increasing magnetic field H at a temperature Tb Tc, it may remain superconducting up to a value HSh&#x3E; He (Hc: thermodynamic critical field). The superheating critical field Hsh was first calculated by Pippard [21] , and observed experimentally by Faber [22] in tin rods and then by Feder et al. in small indium spheres [23] . Later on, calculations have been made for different values of K [24] , and for a temperature Tb far from the critical temperature Tc in the extreme non local limit [25] . The superheating critical field depends on many factors such as the form [26, 27] , the size [21, 26, 27] , the surface state [22, 27] [18, 23, [27] [28] [29] [30] [31] . These granules are rather easily prepared [11, 13, [35] . The unknown characteristic time tn for the propagation of the normal state could be estimated from that of the superconducting state whose diffusion constant is known [2, 11] . It is generally larger than te. We study here the thermal response of the superconducting sphere in a constant external magnetic field without any consideration on the electrodynamical aspect, which remains valid as long as te is shorter than tn, which we assume.
In section 2, the calculation model is presented. In section 3, we discuss the thermal response (3.1) and determine the superheating critical field for the 2 uradius grain considered (3.2) . The occurrence of the transition of the granule from the superconducting to the normal phase is determined as a function of the field He H Hsh and discussed in section 4.
Model calculation.
We assume that an energy Po is instantaneously deposited by the impinging particule, since the time for the latter to go through the granule is about a few 10-14 s. Moreover, the energy deposition is assumed to occur at the centre of the grain, although the energy is actually deposited along the trajectory of the neutrino in the most general case. This leads to a spherically symmetric problem whose analytic solution is rather easily obtained, but which is in fact the most pessimistic situation to obtain a thermal nucleation for a given energy Po. According to the nuclear reaction in In, the energy Po (-a few 104 eV, [36] ) is shared between the quasiparticles and the phonons in the granule. As where 0 is the diameter of the sphere, u is a mean sound velocity in the granule, Wij is the mean transmission probability of the phonons, and the numerical factor 4 comes from an average over angles [38] . The substrate may be either collodion [11] , or paraffin [13] . In both cases, the acoustic impedance pu is far smaller in the dielectric than in indium: (pu) paraffin/ (pU) In -0.05.
The important resulting mismatch leads to rather large values of q, whose minimum value can be evaluated from the transmission probability normal to the surface for longitudinal phonons only ; we thus obtain [38] :
The coupled equations for the quasiparticle and phonon temperatures Te ( r, t ) and Tp ( r, t ) corresponding to an instantaneous point source at t = 0 and r = 0 can then be written :
where K e and K are the thermal conductivities of quasiparticles and phonons respectively, the quasiparticle and phonon specific heats Ce and Cp satisfying the detailed balance equations :
These equations are easily solved by the eigenvalue method [39] with Neumann boundary conditions at the surface of the granule, according to equation (2 (Fig. 2) .
We now consider the possible energy exchanges between the granule and the embedding medium, through the phonons. The results are shown in figures [6] [7] [8] [9] [20] , which is obtained for the superconducting half-space (KAIA &#x3E; 1). In our work, the parameter Ka/A ( 4) is not large enough to make use of the half-space results, which lead to Hsn = o0 This is consistent with the size effect observed [11] , since the probability of having an impinging particle impact in the vicinity of the surface is the smaller as the particule is the larger. It is also consistent with the fact that a fraction of the energy required to obtain a complete heating of the grain is sufficient to observe the flipping [45] . 5 [36] . It is far larger than the recoil kinetic energy (1-100 eV) [7] imparted by the neutrino to the nucleus it scatters from. 
